The bovine herpesvirus 1 (BHV-1) strain Scho$ nbo$ ken UL8 gene and the 5h flanking region were sequenced. Comparison of the UL8 ORF with the previously reported UL8 ORF of BHV-1 strain Cooper revealed significant differences that were mainly due to three frame-shifted segments. Reanalysis of the Cooper sequence after isolation of the respective segments from genomic DNA by PCR did not confirm the discrepancies ; on the contrary, our results indicate a high degree of sequence con-
Introduction
Bovine herpesvirus 1 (BHV-1) is a member of the subfamily Alphaherpesvirinae. The linear double-stranded DNA genome of 136 kbp consists of a 104 kbp unique long segment (U L ) and a 10 kbp unique short segment (U S ) which is flanked by inverted repeats of 11 kbp. Analysis of the complete DNA sequence revealed the presence of at least 69 genes (Schwyzer & Ackermann, 1996) . Most of the BHV-1 genes are regarded as homologues of the respective herpes simplex virus type 1 (HSV-1) genes and are therefore named according to the HSV-1 nomenclature which has also been adopted for pseudorabies virus (Mettenleiter, 1994) . It should be kept in mind, however, that functions or activities of sequence elements or gene products of alphaherpesvirus gene homologues might exhibit virus specific properties. An example is glycoprotein D, the US6 gene product, which is essential for penetration and direct cell to cell spread of HSV-1 and BHV-1 and for penetration of pseudorabies virus (Fehler et al., 1992 ; Ligas & Johnson, 1988 ; Rauh & Mettenleiter, 1991) , and dispensable for replication of Marek's disease virus (Parcells et al., 1994) . The BHV-1 ORFs UL0.5, UL3.5, circ, and US1.5 have no HSV-1 counterpart and BHV-1 apparently does not express homologues of HSV-1 proteins ORF P, γ34.5, UL8.5, UL9.5, UL45, UL55, UL56, Author for correspondence : Gu$ nther Keil.
Fax j49 38351 7219. e-mail Guenther.M. Keil!rie.bfav.de servation between the UL8 proteins of different BHV-1 isolates. A monospecific antiserum, raised against a bacterially expressed TrpE-UL8 fusion protein, identified the 80 kDa apparent molecular mass UL8 polypeptide which is localized in the nucleus of infected cells. Analysis of transcripts and time-course studies demonstrated that the UL8 protein is translated from a delayed-early expressed 3n1 kb polyadenylated mRNA which initiates within the UL9 ORF.
glycoprotein J, US8.5, US10, US11 and ICP47 (Schwyzer & Ackermann, 1996) .
In contrast to HSV-1, where functions have been assigned to most of the ORFs (McGeoch et al., 1993 ; Ward & Roizman, 1994) , only about 20 BHV-1 proteins have been unequivocally assigned to their respective genes (Schwyzer & Ackermann, 1996) . Furthermore, only limited information exists about specific gene expression and transcripts. Exceptions are the immediate early genes that have been extensively studied (summarized by Schwyzer & Ackermann, 1996) .
Alphaherpesvirus genes are temporally controlled and their expression coordinated in a cascade fashion (Honess & Roizman, 1974) . Immediate early genes are expressed first, and their gene products are required for the expression of early genes which encode proteins involved in nucleotide precursor metabolism and viral DNA synthesis. The last genes expressed are the late genes which have been subdivided into the delayed-early and true-late genes. The latter are dependent on viral DNA synthesis for expression, whereas delayed-early genes require viral DNA replication for maximum levels of transcription (Wagner, 1985) .
UL8 is one of the so far uncharacterized genes of BHV-1 ; among alphaherpesviruses only the HSV-1 UL8 gene products have been analysed to date. HSV-1 UL8 encodes an 80 kDa protein which is a component of a helicase-primase complex (Challberg & Kelly, 1989 ; Crute et al., 1989) . Several functions have been attributed to the UL8 protein including localization of the complex into the nucleus (Calder & Stow, 1990 ; Calder et al., 1992 ; Marsden et al., 1996) ; interactions with the DNA replication proteins ICP8 and UL9 ; and augmentation of catalytic activities in vitro (Hamatake et al., 1997 ; McLean et al., 1994 ; Le Gac et al., 1996 ; Sherman et al., 1992 ; Tenney et al., 1994) . HSV-1 UL8 is regulated as an early gene : a 2n9 kb UL8 mRNA is initiated 24 nucleotides downstream from the HSV-1 UL9 stop codon and coterminates with the 4n0 kb UL8.5, the 5n2 kb UL9 and the 6n4 kb UL9.5 transcripts (Baradaran et al., 1994) . In a recent report the transcripts and expression kinetics of the BHV-1 UL6 and UL7 genes were analysed (Schmitt & Keil, 1996) , and evidence was provided that the putative UL8 poly(A) signal overlaps the BHV-1 UL6\UL7 transcription unit on the complementary strand. In this study we analyse BHV-1 UL8-containing transcripts and show that RNAs originating from UL9 sequences overlap the UL8 ORF. We demonstrate that UL8 transcription is initiated within the UL9 ORF and that, in contrast to HSV-1, the BHV-1 UL8 gene is regulated as a delayed-early gene. We also identify the UL8 protein which is predominantly located in the nucleus of BHV-1 infected cells. We further report the UL8 sequence of BHV-1 strain Scho$ nbo$ ken and portions of the UL8 ORF of BHV-1 strain Aus12, of the previously sequenced BHV-1 strain Cooper (Vlcek et al., 1995 ;  GenBank accession number Z48053), and of BHV-5 strain N569. Our results resolve some of the discrepancies regarding the UL8 sequences of BHV1\Scho$ and BHV-1\Cooper.
Methods
Cells and viruses. BHV-1 strains Scho$ nbo$ ken and Aus12, a derivative of the Australian isolate BHV-1\V155 (Bulach & Studdert, 1990) , and BHV-5 strain N569 were obtained from O. C. Straub (Tu$ bingen, Germany) and propagated on Madin-Darby bovine kidney cell clone Bu100 (MDBK-Bu100, kindly provided by W. Lawrence and L. Bello, Philadelphia, USA). Cells were grown in Dulbecco's minimum essential medium (DMEM) supplemented with 5 % foetal calf serum (FCS), 100 U\ml penicillin, 100 µg\ml streptomycin and 0n35 mg\ml -glutamine.
Plasmid constructions. All cloning procedures were performed using standard methods (Sambrook et al., 1989) and all nucleotide positions refer to the sequence available under GenBank accession number Z48053 (Vlcek et al., 1995) . To obtain plasmid pSPUL8, which encompasses the entire UL8 ORF, sequences from the SalI cleavage site at position 21504 to the SmaI cleavage site at position 23998 were isolated from plasmid pB3.0 (Schmitt & Keil, 1996) , blunt-ended, and inserted into plasmid vector pSP73 (Promega) between the EcoRV and blunt-ended HindIII cleavage sites. To remove the ATG at position 21585-21587, pSPUL8 was cleaved with BsaI at position 21626, bluntended, and recleaved with XhoI in the polylinker sequence. The resulting 2n4 kb fragment was inserted into pSP73 cleaved with EcoRV and XhoI to give plasmid pSPUL8delATG. For synthesis of cRNA probes from the UL9 gene, a blunt-ended SalI fragment from position 20106-21504 was inserted into pSP73 DNA linearized with SmaI. The resulting plasmid pSPUL9\1.4 was cleaved with AspI at position 20916 and EcoRI in the polylinker sequence, and religated after blunt ending to yield plasmid pSPUL9\0.6. Sequencing, PCR and sequence analysis. Both strands of cloned genomic DNA fragments encompassing the UL8 gene of BHV-1 strain Scho$ nbo$ ken were sequenced by the chemical degradation method (Maxam & Gilbert, 1980) with modifications as described (Keil et al., 1987) .
Sequences encompassing codons 86-159, 392-430 and 660-716 from genomic DNA of BHV-1 strains Scho$ nbo$ ken, Cooper (kindly provided by L. J. Bello, Philadelphia, USA) and BHV-5 strain N569 were isolated by PCR. The following primer pairs were incubated with 100 ng template DNA as described (Schro$ der et al., 1997) :
GTTCAGCATGCGCGCCAGCTCCT #$("! ) Numbers refer to the position of nucleotides in the UL8 sequence of Vlcek et al. (1995) . To facilitate subsequent cloning, cleavage sites for HindIII (in bold type in the oligonucleotides listed) were added 5h of the UL8 sequences. PCR products were extracted with phenol, precipitated with ethanol and ligated into the HindIII cleaved plasmid vector pSP73. At least six independently isolated cloned PCR fragments of each virus strain were sequenced using the T7 sequencing kit (Pharmacia) on double-stranded plasmid DNA and the primers recommended by the manufacturer. Ambiguous results due to strong stops in the sequencing reactions or gel compressions were clarified by using deaza-dNTPs or addition of E. coli single-stranded DNA binding protein (0n5 µg per reaction).
Nucleotide and amino acid sequences were analysed and compared using the programs BestFit and Fold of the Genetic Computer Group software package version 8.0-UNIX (Devereux et al., 1984) .
In vitro transcription and translation. In vitro transcription with SP6 or T7 RNA polymerase (Boehringer) from pSP73-based plasmids was performed as recommended after linearization of the respective plasmids with appropriate restriction enzymes. For in vitro protein synthesis, cRNA was transcribed in the presence of the cap analogue m(GpppG (0n5 mM final concentration) and translated in a cell-free rabbit reticulocyte lysate supplemented with 60 µCi [$&S]methionine per reaction according to the manufacturer's instructions (Promega). For hybridization probes, UTP or CTP was replaced by the respective α-$#P-labelled NTP in the cRNA transcription reactions.
Immunoprecipitation. Confluent monolayers of MDBK cells grown in six-well tissue culture dishes (Greiner) were infected with an m.o.i. of 10. After 1 h adsorption, the inoculum was replaced by 500 µl DMEM lacking methionine and cysteine. After addition of [$&S]methionine (500 µCi\ml) and [$&S]cysteine (250 µCi\ml), cells were incubated from 2 to 8 h after infection. Immunoprecipitation of proteins from cell lysates or after in vitro translation was carried out as described by Keil et al. (1985) . Labelled proteins were visualized after SDS-polyacrylamide gel electrophoresis by fluorography (Keil et al., 1985) .
Northern blot hybridization and nuclease S1 analysis. Isolation of cytoplasmic RNA, whole cell RNA, gel electrophoresis, transfer to nitrocellulose filters and hybridizations were carried out as described previously (Keil et al., 1984 ; Sambrook et al., 1989) . Poly(A + ) RNA was isolated from whole cell RNA using oligo(dT)-coupled magnetic beads (Dynal) as recommended by the supplier. Nuclease S1 analysis was performed as described (Keil et al., 1987) .
Production of anti-UL8 serum and indirect immunofluorescence assays. The expression vector pATH11 (Dieckmann & Tzagoloff, 1985) was cleaved with EcoRI and HindIII and the EcoRIHindIII fragment from pB3.0 representing nucleotides 22176-25181 was inserted. The resulting plasmid pFUSORF8 encodes a TrpE-UL8 fusion protein which consists of 334 amino acids of the TrpE protein and 552 amino acids of the putative UL8 protein. Expression and purification of the TrpE-UL8 fusion protein encoded by plasmid pFUSORF8 was performed as described (Schmitt & Keil, 1996) . Chinchilla bastard outbred rabbits were inoculated subcutaneously with 40-80 µg fusion protein emulsified with complete Freund's adjuvant. Rabbits were boosted seven times at 3 to 4 week intervals with fusion protein in incomplete Freund's adjuvant. The anti-UL8 serum used in this study was obtained 4 weeks after the last immunization.
For indirect immunofluorescence assays, monolayers of MDBK-BU100 cells were grown on chamber slides (Nunc) preincubated with 0n5 % gelatin for 1 h at 37 mC. Subconfluent cells were infected with BHV-1 strain Scho$ nbo$ ken at an m.o.i. of 0n01 and fixed at 20 h p.i. with 3 % paraformaldehyde in PBS. Cells were permeabilized by addition of Triton X-100 to a final concentration of 0n2 % followed by sequential incubation with the respective sera and goat anti-rabbit immunoglobulin G conjugated with dichlorotriazenyl-amino-fluorescein (DTAF ; Dianova).
Nucleotide sequence accession number. The DNA sequence reported here has been submitted to the GenBank and assigned the accession number Y14550.
Results and Discussion
Nucleotide sequence of the BHV-1 strain Scho$ nbo$ ken UL8 gene
The nucleotide sequence of the BHV-1\Scho$ UL8 gene (for genomic location see Fig. 1 ) contains one long ORF which corresponds to nucleotides 21585-23828 of the BHV-1 Cooper strain (GenBank accession number Z48053) to which, irrespective of differences found between the sequences, all nucleotide positions of the BHV-1\Scho$ sequence refer. The BHV-1\Scho$ UL8 ORF encompasses 748 codons and the deduced amino acid sequence showed 42n0 (60n3), 35n6 (54n6) and 34n3 % (55n2 %) identity (similarity) to the predicted UL8 proteins of EHV-1, VZV and HSV-1, respectively.
A polyadenylation consensus sequence AATAAA is located 30 nucleotides downstream from the translation stop codon within the UL6\UL7 transcription unit at nucleotide position 23861 (Schmitt & Keil, 1996 ; Vlcek et al., 1995) . No sequence motif indicating a TATA box was found between the predicted UL8 translational start codon and the stop codon of the UL9 ORF (Fig. 2) .
In comparison with the published sequence of the BHV-1 Cooper strain, the BHV-1\Scho$ UL8 ORF had eight base substitutions (for positions see Table 1 ), three single base pair deletions at positions 21956, 22814 and 23641, and three single base pair insertions at positions 21896, 22796 and 23657. The deletions\insertions generated three segments with frame-shifts encompassing 20, 9 and 5 amino acids, respectively (Fig. 3) . Because of the extent of these differences, sequences between positions 21861 and 22039 (segment 1), 22777 and 22852 (segment 2), and 23581 and 23710 (segment 3) were amplified by PCR using purified genomic DNA from BHV-1 strains Scho$ , Cooper and Aus12, and from BHV-5 strain N569. Side-by-side comparison of the corresponding sequences revealed identity between the sequences of the respective segments of BHV-1 strains Aus12 and Cooper, and showed that the bases at positions 21896, 22796 and 23657 absent from the Cooper (GenBank) sequence were present in all PCR amplified fragments, whereas the bases at positions 21956, 22814 and 23641 within the Cooper sequence were not detected (Table 1 ) resulting in an entirely common UL8 reading frame for BHV-1 strains Scho$ nbo$ ken and Cooper. In addition, single base changes at positions 21948, 22787, 22788, 22790 and 22792 were not found in the amplified DNA. Thus in these segments only one amino acid exchange, Ala'*" to Ser, was found between BHV-1\Scho$ and BHV1\Cooper ; and BHV-1\Scho$ Ala')( and Ala'(& were replaced by Thr and Ser, respectively, in BHV-5 UL8 (Table 1) . Additional nucleotide changes within the UL8 ORFs, at positions 21597 (Tyr& to His in Cooper), 21600 (Gly' to Ser in Cooper), 21773, 22193, 22214, 22680, 22681 (Gly$'' to Ser), 23009, 23108, 23276, 23315, 23375 and 23780, were silent unless otherwise noted and, like the sequence differences found upstream and downstream from the respective UL8 ORFs, were not further analysed. These results demonstrate that the UL8 proteins encoded by BHV-1\Scho$ and Cooper differ in not more than four amino acids. Surprisingly, within the PCR amplified regions of BHV-5 only two conservative amino acid changes were present in comparison to the three BHV-1 strains (Table 1) , indicating a high degree of sequence conservation between the UL8 proteins of BHV-1 and BHV-5.
Northern blot analysis
From the analysis of the sequences upstream of the UL8 ORF (Fig. 2) it was reasonable to assume that the UL8 and UL9 mRNAs may be 3h coterminal since no polyadenylation consensus sequence is located between the respective ORFs. To identify the corresponding transcripts, poly(A + ) RNA, prepared from whole-cell RNA isolated at 6 h p.i., was size separated by agarose gel electrophoresis, transferred to nitrocellulose, and hybridized to $#P-labelled cRNA. Probe a (location indicated in Fig. 1 D) , complementary to the entire UL8 ORF, strongly hybridized to RNAs of 5n9 and 3n1 kb (Fig.  4 , lane 1) whereas probe c (see Fig. 1 D) , complementary to codons 388-657 of the UL9 ORF, did not detect the latter transcript (Fig. 4, lane 3) . Probe b, which contained sequences complementary to the 3' codons of the UL9 ORF, hybridized weakly with the 3n1 kb RNA, indicating that this transcript initiates within the UL9 ORF (Fig. 4, lane 2) . No specific hybridizations were detected using cRNA transcribed in the sense direction of the UL8 ORF (not shown).These results are BDF J. Schmitt and G. M. Keil J. Schmitt and G. M. Keil 
(A) The
HindIII restriction fragment map of the genome of BHV-1/Scho$ is shown below a schematic representation of the prototype orientation (Engels et al., 1986 ; Mayfield et al., 1983) . (B) The 5 kbp SalI-HindIII fragment encompassing the UL8 gene is enlarged and relevant restriction enzyme cleavage sites are indicated. Numbers refer to nucleotide positions of the corresponding sequence of BHV-1 strain Cooper (GenBank accession number Z48053). A, AspI; E, EcoRI ; H, HindIII ; Hi*, HinfI (asterisk indicates site used for 5h end-labelling) ; N, NotI; S, SmaI. (C) The BHV-1/Scho$ UL7 ORF (Schmitt & Keil, 1996) and ORFs with homology to HSV-1 UL8 and UL9 depicted by open bars ; arrowheads indicate direction of transcription and location of consensus sequences for polyadenylation. The initiation sites for UL7 (Schmitt & Keil, 1996) and UL8 (this paper) transcription are marked by a vertical line. (D) Location of hybridization probes. . 1 ) ; the BHV-1 strain Cooper sequence (lower sequence) is depicted from position 21100-21799. Arrow, 5h cap site of UL8 mRNA ; asterisk, HinfI site used for 5h end-labelling. Putative TATA-box (ATAT) and ATG codons in bold type ; TAG stop codon of the UL9 ORF in italics and bold type ; consensus sequence for SP1 binding (Briggs et al., 1986) underlined. in good accordance with predictions from the sequence and led us to conclude that the 5n9 kb RNA represents a structural bicistronic transcript which encompasses the UL9 and UL8 ORFs, whereas the 3n1 kb RNA constitutes the UL8 mRNA. The latter conclusion was further supported by localization of the 5h cap site of the UL8 mRNA at nucleotide position 21193 (see below). This suggests that the UL8 transcripts contain about 2n7 kb genomic sequences and a poly(A) tail of about BDG Table 1 . Side-by-side comparison of sequence differences within segments 1 (nucleotide position 21861-22039), 2 (22777-22852) and 3 (23581-23710)
Nucleotide positions refer to the sequence of BHV-1\Cooper contained in the GenBank. Asterisks denote the positions of nucleotide insertions in BHV-1\Scho$ . Sequences of BHV-1\Scho$ obtained by Maxam-Gilbert sequencing and after PCR amplification (Scho$ -PCR) were identical in the segments analysed ; the respective nucleotides are therefore represented in one column. Dashes indicate the absence of a nucleotide at the respective position. Point mutations resulting in amino acid substitutions are in bold type and the corresponding exchanges are indicated relative to the deduced BHV-1\Scho$ UL8 polypeptide. Additional nucleotide exchanges within the UL8 ORFs at positions 21597 (Tyr& to His in Cooper), 21600 (Gly' to Ser in Cooper), 21773, 22193, 22214, 22680, 22681 (Gly$'' to Ser), 23009, 23108, 23276, 23315, 23375 and 23780 were silent unless otherwise noted, and not further analysed. T  T  T  C  23669  T  T  T  C  23684  T  T  T  C  23690  T  T  T  A  23702  T  T  T  C 400 nucleotides, a size also reported for the poly(A) tract of the HSV-1 UL8 mRNA (Baradaran et al., 1994) . The 3n1 kb RNA was already present at 4 h p.i., increased in abundance until 8 h p.i. (data not shown), and was also expressed in cells infected in the presence of phosphonoacetic acid to inhibit viral DNA replication. Transcription of the 5n9 kb RNA, although less abundant, followed the same kinetics. No specific signals were obtained with RNA from cells infected in the presence of cycloheximide (not shown). Thus expression of the UL8 and UL9 genes appears to follow delayed-early regulation. In contrast, the HSV-1 homologues were classified as true early genes (Baradaran et al., 1994) . RNAs between 4 and 5 kb in size (Fig. 4 , lane 2) were visible after extended exposure of the hybridizations shown in lanes 1 and 3 (not shown). Preliminary results suggest that these RNAs are transcribed from additional, late regulated genes within the UL8\UL9 locus, indicating that gene expression in this region may be as complex as in the corresponding region of HSV-1, the only alphaherpesvirus analysed in detail so far (Baradaran et al., 1994) .
Determination of the 5h end of UL8 transcripts
Nuclease S1 protection experiments were performed to identify the 5h end of the UL8 mRNA. A probe, 5h end-labelled at the AflIII cleavage site at position 21734 and extending to position 21268 (HinfI cleavage site in Scho$ nbo$ ken DNA) and BDH J. Schmitt and G. M. Keil J. Schmitt and G. M. Keil Fig. 1 D) . Bound radioactivity was visualized by autoradiography. Exposure times were adjusted to yield a comparable signal of the 5n9 kb RNA. Sizes of transcripts indicated left.
encompassing the predicted translational start codon for the UL8 protein (position 21585), was completely protected by RNA isolated from infected cells at 6 h p.i. (not shown). Since the Northern blot analysis shown in Fig. 4 suggested that transcription of the UL8 mRNA initiates within the UL9 ORF, the RNA was hybridized to a 134 nt HinfI-NotI DNA fragment (position 21267-21133), 5h end labelled at the HinfI cleavage site. A nuclease S1-resistant fragment of 75 nucleotides was detected (Fig. 5, lane 3) indicating a transcription start site at position 21193, 30 nt downstream from a possible TATA box (ATAT) preceded by a perfect consensus sequence (GGGGC-GGGGC) for SP1 binding (Fig. 2) , an organization also found in the HSV-1 UL8 promoter region (Baradaran et al., 1994) . Two additional smaller nuclease S1-resistant fragments (barely visible in Fig. 5 , lane 3) correspond in size to an A\T-rich sequence 36 nucleotides upstream from the HinfI cleavage site ; it appears likely that these were generated due to insufficient stability of the heteroduplexes rather than indicating additional transcription start sites. The 134 nt protected fragment corresponds to the full length of the labelled DNA and probably originates from protection by the overlapping UL9 transcript. Attempts to confirm the position of the UL8 transcription start site by primer extension experiments or 5h RACE amplification were not successful. Since the results of the nuclease S1 protection experiments are in accordance with the Northern blot analyses described earlier (Fig. 4) , and because the nucleotides upstream from position 21193 do not constitute a splice acceptor consensus sequence, we conclude that the UL8 mRNA 5h cap site is located at nucleotide position 21193 within the UL9 ORF.
Examination of the nucleotide sequence of the UL8 transcript revealed two AUG codons at positions 21244-21246 and 21324-21326, upstream from the AUG at position 21585-21587 predicted to initiate translation of the UL8 ORF (Vlcek et al., 1995) . The first of these AUGs is followed by the stop codon TGA after 26 triplets. The second AUG, in-frame with the UL9 ORF which terminates at position 21524-21526, is contained within a possible hairpin structure (data not shown) and therefore might be not accessible for initiation of protein synthesis. In addition, neither AUG triplet conforms to the consensus sequence A\GNNAUGG for translation initiation (Kozak, 1986) . It therefore appears unlikely that these AUG codons are used for protein synthesis.
Subcellular distribution and identification of the UL8 encoded protein
To identify the UL8 encoded protein, a rabbit antiserum (anti-UL8 serum) was raised against an E. coli expressed TrpE-UL8 fusion protein. In infected cells, the anti-UL8 serum reacted with antigens localized in the nucleus (Fig. 6 a) , as expected for a protein predicted to be involved in viral DNA replication. Probing of infected cells with the preimmune serum resulted in low level background fluorescence (Fig. 6 b) .
The anti-UL8 serum (but not the matching preimmune serum) specifically precipitated a protein with an apparent molecular mass of 80 kDa from infected cells (Fig. 7, lanes 1  and 2) . Neither the AUG at position 21585-21587 (predicted to initiate UL8 protein synthesis ; Vlcek et al., 1995) nor the following AUG at position 21690-21692 is contained within a perfect consensus sequence for translation initiation. Therefore the anti-UL8 serum was used to immunoprecipitate [$&S]methionine-labelled proteins translated from in vitro transcribed cRNA spanning positions 21505 or 21627 to 23998, in order to test for the ability of the respective AUG codons to initiate protein synthesis. As shown in Fig. 7 , lanes 3 and 4, in vitro protein synthesis can be initiated from both AUG triplets with comparable efficiencies, resulting in polypeptides with apparent molecular masses of 80 and 78 kDa which were also immunoprecipitated by the anti-UL8 serum (Fig. 7, lanes 5 and  6) . Since the 80 kDa in vitro translation product comigrated with the UL8 protein from infected cells, these results are in agreement with the suggestion by Vlcek et al. (1995) that the AUG at position 21585-21587 encodes the amino terminal methionine of the UL8 protein. This interpretation was also supported by applying the program Testcode of the Wisconsin Genetics Computer Group software package (Devereux et al., 1984) which revealed a high probability for translation of the UL8 ORF from the AUG at position 21585-21587. It should be noted, however, that possible post-translational modifications such as phosphorylation or acetylation, which might influence the migration behaviour of the UL8 protein from infected cells, cannot be excluded. In summary, our results show that the BHV-1 UL8 gene is expressed as a delayed-early gene and encodes a protein with an apparent molecular mass of 80 kDa that is translated from a 3n1 kb polyadenylated mRNA. The presence of overlapping transcripts indicates a higher degree of genetic complexity within the UL8\UL9 locus than expected on the basis of the nucleotide sequence analysis (Schwyzer & Ackermann, 1996 , Vlcek et al., 1995 and may lead to the characterization of previously unknown genes and gene products.
